ABSTRACT
INTRODUCTION
Living organisms are continuously exposed to background ionizing radiation that emits from either natural or man-made radiation sources which causes radiation health effects. Natural radiation is mainly due to the activity concentration of primordial radionuclides 238 U, 232 Th and their product of decay, in addition to the other natural radionuclide 40 K present in the earth's crust [1] . 226 Ra ( 238 U-series), 228 Ra ( 232 Th-series) and 40 K of the naturally occurring primordial radionuclides which are abundant in soil and in most fertilizers, 238 U is associated with phosphate fertilizers [2] follow root uptake. 226 Ra occurs in all 238 U ores but it is more widely distributed because it forms water soluble compounds and its have life time is about (1600 y) for this reason 238 U is sometimes called uranium or radium series. These radionuclides were incorporated metabolically into plants, and ultimately find their way into food chains and passed on to human.
health and environmental problems associated with the use of coal. Some trace elements in coal are naturally radioactive such as 238 U, 232 Th, and their progenies, including 226 Ra and radon 222 Rn [8] .
According to the latest WHO data published in April 2011 Lung Cancers Deaths in Egypt reached 3,184 or 0.88% of total deaths. The age adjusted Death Rate is 5.98 per 100,000 of population ranks Egypt #142 in the world [9] . The long-term exposure to uranium and radium through inhalation has several health effects as chronic lung diseases, acute leucopoenia, anemia and necrosis of the mouth. Radium causes bone, cranial, and nasal tumors.
Thorium exposure can cause lung, pancreas, hepatic, bone, kidney cancers and leukemia [10] [11] [12] .
Chronic lung diseases, acute leucopoenia, anemia and necrosis of the mouth are known health effects due to ionizing radiation. Thorium exposure can cause lung, pancreas, hepatic, bone, kidney cancers and leukemia [13] .
Therefore, continuous measurement of natural radioactivity concentration and calculating gamma dose rates are very important issues in order to evaluate accompanying radiological hazards.
The aim of this work is first, to assess the natural radioactivity content and man-made 137 Cs in different tobacco products (cigarettes) as well as smoky coal imported to Egyptian market for estimation of possible radiological health effects that could be resulted from smoking. Second, for monitoring the radioactivity concentration levels in such stuffs in Egyptian market and investigate to what extent that smoking gives rise to hazards radiological doses.
MATERIAL AND METHODS

Sampling and Samples Preparation
14 types of imported cigarettes were collected from the local market from several places, 5 packs for each type of each source were dried, grinded and mixed to obtain a homogeneous mixture. 6 types of smoking coal were collected, 4 of them imported and the rest were locally made from dried tree trunks burned to be coal. Samples then transferred to polyethylene containers of 150 cm 3 capacity and sealed at least for 4 weeks to reach secular equilibrium between radium and thorium, and their progenies.
Because of the importance of background radiation in low level natural radioactivity measurements, it was measured prior each sample measurement and subtracted from its spectra. The 226 Ra ( 238 U) series, 232 Th series, 40 K, and 137 Cs activity concentrations were measured using high resolution Canberra coaxial hyper pure germanium (HPGe) detector. A model 747 Canberra lead shield is used with the detector and has a 0.040 inch tin and 0.062 inch copper graded liner to prevent background interference by lead X-rays. The energy calibration and efficiency determination were performed using 138G Marinelly beakers containing mixed sources of 109 Cd, 57 Co, 123m Tc, 113 Sn, 137 Cs, 88 Y and 60 Co, allowing for some peaks in the measurement range. The system has a resolution of 1.9 keV fullwidths at half-maximum for the 1332 keV gamma-ray line of 60 Co and a photo peak efficiency of 37 %. The spectrum of each sample was taken for 24 hrs., stored in a PC-based multichannel analyzer computer, and processed using a dedicated software program (GENIE-2000). [16] . Skewness characterizes the symmetry or asymmetry of a distribution around its mean. So, when skewness equal zero, i.e., data points have normal distribution. Therefore, an understanding of the skewness of the dataset indicates whether deviations from the mean are going to be positive or negative [17] . in figures 3 and 4 respectively showing some degree of multi-modality. This multi-model feature of the radioelements demonstrates the complexity of minerals in soil samples. Table 2 shows previous studies for the concentrations of 226 Ra, 232 Th, 40 K and 137 Cs in cigarettes. The variation between our result and the reported values could be attributed to the variation in radioactivity content in tobacco leaves and emphasize to the importance of continuous monitoring of radioactivity levels in tobacco products newly imported to the local market.
Assessment of Radiological Hazards
The knowledge of the specific activity in investigated samples is important for the assessment of the possible radiological hazards to human health. To evaluate the impact of radioactivity concentration of 226 Ra, 232 Th, 40 K and 137 Cs and radiological hazards associated with it, radium equivalent activity, annual effective dose and internal hazard index were also evaluated.
Radium equivalent activity (Raeq) was calculated to assess the hazard of radioactivity concentration in cigarettes and smoking coal using the formula As shown in table 3 total annual effective dose resulting from activity concentration of 226 Ra, 232 Th, and 40 K in cigarette samples ranged from 0.5 to 2.5 (average 1.27) mSv y -1 and is comparable with the total average worldwide exposure to natural radiation sources of 2.4 mSv y -1 , especially the part due to inhalation which is 1.26 mSv y -1 [6] .
For coal samples used for smoking tobacco with hookah, the annual effective dose calculated considering that the person smoke two-tobacco bowls using about 12g each time, i.e 4.38 Kg y -1 . Total annual effective dose resulting from activity concentration of 226 Ra, 232 Th, and 40 K ranged from 0.39 to 2.9 (average 1.7) mSv y -1 , which is lower than the total average worldwide exposure to natural radiation sources of 2.4 mSv y -1 and higher than the part due to inhalation which is 1.26 mSv y -1 [6] . suggesting that their content in coal are mostly influenced and controlled by similar origin of sources [27, 28] .
However, very weak negative correlation observed between 137 Cs and the other radionuclides indicates that 137 Cs has a different origin and behavior in coal samples. Also, positive correlation coefficient was observed between radionuclides in coal and radiological parameters.
CONCLUSION
Results showed the wide range of activity concentrations of natural radionuclides in studied samples due to their different origin. In addition, the health risks of smoking are not uniform across all smokers that vary according to the amount of smoked tobacco. This study may be taken as a base to continuous measurement of naturally occurring radionuclides for imported tobacco leaves, processed cigarettes and other tobacco products in order to protect population from risks caused by tobacco smoking. Also it encourage government to control the consumption of tobacco through different ways such as awareness about the role of naturally occurring radionuclides and its radiological hazards to smoker and increasing taxes on tobacco products and hence increasing price.
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